To identify the chromosomal regions controlling the eating quality of cooked rice, we performed a quantitative trait locus (QTL) analysis using 93 backcross inbred lines (BILs) and 39 chromosome segment substitution lines (CSSLs) derived from crosses between a japonica rice cultivar Koshihikari (glossier appearance, tasty, sticky and soft eating quality of rice when cooked) and an indica cultivar Kasalath (less glossy appearance, less sticky and hard eating quality of rice when cooked). We evaluated the eating quality of rice including overall evaluation (OE), glossiness (GL), taste (TA), stickiness (ST) and hardness (HA) in each line based on the sensory test of cooked rice. Twenty-one QTLs for eating quality were mapped to eight regions on chromosomes 1, 2, 3 (two regions), 6, 7, 9 and 10. The Koshihikari alleles at 19 out of 21 QTLs increased the eating quality, while the Kasalath alleles at the other two QTLs increased the eating quality. We also mapped the QTLs for chemical properties, such as amylose content (AC) and protein content (PC), which affected the eating quality. Four QTLs in the terminal region of the short arm of chromosome 3 and five QTLs on chromosome 6 for eating quality were mapped to the same region as that of the QTLs for AC. Three QTLs on chromosome 1 for eating quality were also mapped to the same region as that of a QTL for PC. The chromosome positions of the other QTLs for eating quality did not coincide with those of the QTLs for AC and PC. Six out of 21 QTLs for eating quality, qTA3, qOE6, qGL6, qTA6, qST6 and qHA6, were commonly identified by analysis using both BILs and CSSLs. One QTL, qTA3, was not a locus of AC, PC or known eating genes. Thus the QTL was mapped in the interval between the SSR markers RM1332 and RM6676 in the middle region of the short arm of chromosome 3 by fine mapping of three sub-CSSLs. Five QTLs, qOE6, qGL6, qTA6, qST6 and qHA6, seemed to be associated with the Waxy (Wx) gene located on chromosome 6.
Introduction
Consumer's preference for rice and, therefore, its price depend on the eating quality. This preference varies among the rice-consuming countries according to the culture and eating quality is an important objective for rice breeding in Japan. The eating quality of rice is assessed by organoleptic tests, including external appearance, glossiness (GL), taste (TA), aroma, stickiness (ST), hardness (HA) and an overall evaluation (OE) (Yamamoto et al. 1996 , Bett-Garber et al. 2001 which are performed by a panel of judges previously trained to carry out the sensory evaluation. The judges can evaluate no more than 1000 samples during each winter season. In addition, it is difficult to perform sensory evaluation for early generations such as F 4 and F 5 because substantial quantities of rice and labor are needed to prepare the samples. Therefore, to introduce marker-assisted selection and to improve rice cultivars efficiently in rice breeding, it is necessary to investigate the genetic basis of the eating quality. Yamamoto and Ogawa (1992) demonstrated that the eating quality can vary considerably among rice cultivars, and in their studies, they suggested that the eating quality is under a complex genetic control. Molecular marker technology has contributed to the elucidation of the genetic basis of complex quantitative traits such as eating quality in rice (Harushima et al. 1998 , McCouch et al. 2002 . There have been few reports on the analysis of quantitative trait loci (QTLs) for eating quality (Wan et al. 2004 , Tanaka et al. 2006 . Using chromosome segment substitution lines (CSSLs) derived from crosses of japonica cultivar Asominori/indica cultivar IR24 backcrossed to Asominori, Wan et al. (2004) identified three putative QTLs for luster (on chromosomes 4, 6 and 8), two for scent (on chromosomes 4 and 8), two for tenderness (on chromosomes 6 and 8), two for viscosity (on chromosomes 4 and 6), two for elasticity (on chromosomes 3 and 8) and two for OE (on chromosomes 6 and 8). Also, Tanaka et al. (2006) identified six QTLs for appearance (one region each on chromosomes 2 and 4 and two regions on both chromosomes 3 and 6) and five for stickiness (one region each on chromosomes 2, 3 and 6 and two regions on chromosome 1) using the doubled haploid lines derived from a cross between the japonica cultivars Akihikari and Koshihikari. Although several QTLs had been identified in these reports, these QTLs could not be confirmed by further analysis, such as fine mapping. In addition, QTLs for TA have not been reported.
As part of efforts to optimize rice cultivars, many researchers have carried out studies to determine whether the eating quality is related to chemical properties, such as amylose content (AC) or protein content (PC) of rice grains (Juliano et al. 1965 , Ishima et al. 1974 , Juliano 1985 , BettGarber et al. 2001 , Tanaka et al. 2006 . It has been suggested that AC is related to specific aspects of eating quality, such as GL and ST (Juliano et al. 1965 , Tanaka et al. 2006 . Juliano (1985) also reported that AC affected the eating quality and was mainly controlled by the Waxy (Wx) gene located on chromosome 6. In other studies, it was shown that PC was negatively correlated with eating quality evaluation, including ST and HA scores (Juliano et al. 1965 , Ishima et al. 1974 . On the other hand, Bett-Garber et al. (2001) reported that the chemical properties did not fully correspond to the eating quality. This could be due to the fact that AC and PC are associated with GL, ST and HA but not with TA.
The complex inheritance of eating quality traits may be controlled by several genes with large, minor and epistatic effects. In the present study, backcross inbred lines (BILs) and CSSLs derived from crosses of japonica cultivar Koshihikari/indica cultivar Kasalath backcrossed to Koshihikari were used for the identification of QTLs for eating quality. These BILs were previously used to detect QTLs with relatively large effects and to detect epistatic interactions between QTLs (Ma et al. 2002) . The BILs can also be used to examine the phenotypic effects of several genes, because each BIL carries several chromosome segments from the Kasalath cultivar. On the other hand, the CSSLs can be used to detect QTLs with minor effects on target traits as well as those with larger effects (Ebitani et al. 2005) . Because each CSSL carries only one chromosome segment, the CSSLs can detect QTLs with minor effects based on the comparison of the phenotypic effects between alleles at one or a few QTLs. Thus, we expected that the use of populations of both BILs and CSSLs would be an effective method to identify QTLs related to the eating quality.
To understand the genetic basis of the eating quality, we performed QTL analysis using BILs and CSSLs derived from crosses between Koshihikari and Kasalath cultivars. Koshihikari rice had a glossy appearance, good flavor and a sticky, soft consistency when cooked (Yamamoto and Ogawa 1992) and AC was approximately 16% when the plants were grown in Ibaraki, Japan. Kasalath rice was drier and less sticky when cooked and AC was approximately 25% (Li et al. 2003) . We also examined the relationship between the chemical properties and eating quality of cooked rice, and we performed a fine mapping of the QTLs identified using BILs and CSSLs.
Materials and Methods

Plant materials
In the present study, we used a population of 182 BILs developed by the single-seed descent method from a cross of japonica rice cultivar Koshihikari/indica cultivar Kasalath backcrossed to Koshihikari (Rice Genome Resource Center 2002). Of these 182 BILs, we used only the 93 ones that matured fully in a paddy field located at the National Institute of Crop Science (Yawara, Tsukuba, Ibaraki, Japan) in 2003 for the sensory and chemical analyses. We also used a population of 39 CSSLs in the genetic background of Koshihikari that was developed by Ebitani et al. (2005) To define more precisely the locations of the QTLs for eating quality on the short arm of chromosome 3, three sub-CSSLs were produced (sub-SL207-1, -2 and -3). These sub-CSSLs were selected based on the genotypes of simple sequence repeat (SSR) markers from the self-pollinated progeny (1,536 F 3 plants) of 96 F 2 plants derived from a cross between SL207 and Koshihikari ( Fig. 4A and B) . In these lines, a part of the short arm of chromosome 3 was homozygous for a Kasalath allele. Seven lines (sub-SL207-1, sub-SL207-2, sub-SL207-3, SL207, Koshihikari, Kasalath and Nipponbare) were cultivated in a paddy field located at the 
Sensory analysis
Rice grains were polished and cooked, as described in the "Rice Breeding Manual" (Yamamoto et al. 1996) . The dried grains were polished to a yield of appropriately 90% using a VP-31T model rice miller (Yamamoto Co. Ltd., Yamagata, Japan). The polished rice was transferred to insert bowls of a MB-YH16 model rice cooker (Mitsubishi Electric Co. Ltd., Tokyo, Japan) and washed five times with water. After being washed, rice was soaked in water for 30 min and then cooked in the rice cooker at a 1.3 (w/w) ratio of water to polished rice. Rice was then maintained on the warm setting for an additional 10 min. Cooked rice for each line was evaluated by a panel of 24 judges, which had been trained for the scoring of each eating quality trait for over two years. Twenty-four judges (9 males and 15 females) were selected as a panel, who could identify palatability differences in cooked rice between Koshihikari and Nipponbare. The age of the 24 judges ranged between 24 and 53 years. In the Japan Grain Inspection Association and at the National Institute of Crop Science, the eating quality of Koshihikari was considered to be markedly higher than that of Nipponbare. The eating quality of Koshihikari, Nipponbare and of each line was evaluated according to the determination of OE, GL, TA, ST and HA. The OE, GL, TA, ST and HA parameters were evaluated based on the following definition. The OE score was determined by the total score of GL, TA, ST and HA; the GL score by the degree of GL on the surface of cooked rice; the TA score by the degree of sweetness or bitterness of TA of cooked rice; the ST score by the degree of the force required to remove the cooked rice grains from an upper and a lower tooth; the HA score by the degree of the force required to compress the cooked rice grains between an upper and a lower tooth. In the present study, the OE, GL, TA and ST scores of Nipponbare were given a −1 value (slightly low) compared with those of Koshihikari, and the HA score of Nipponbare was given a value of +1 (slightly hard) compared with that of Koshihikari. A scale between Nipponbare and Koshihikari was employed to evaluate the eating quality traits of each line. The eating quality of the BILs and CSSLs was given scores from −5 (extremely low) to +5 (excellent), compared with that of the reference cultivar Koshihikari (score = 0). The average scores from the 24 judges were used for composite interval mapping (CIM) and were compared using a t-test.
Chemical analysis
To analyze AC and PC, polished rice was crushed with a TM5 mill (SATAKE Co. Ltd., Tokyo, Japan). The resulting rice flour was diluted with 0.5 N NaOH and left overnight at room temperature. After dilution to 0.05 N with H 2 O, AC was determined with an Auto Analyzer II (BRAN+LUEBBE Co. Ltd., Norderstedt, Germany). The nitrogen content was determined with a rapid-N (Elementar Analysensysteme GmbH Co. Ltd., Hanau, Germany). PC was calculated by using the N-protein conversion coefficient 5.95. AC and PC of each line were determined in three different samples of rice from the same line. The average AC and PC values were used for CIM and were compared using a t-test.
Marker and statistical analyses
We performed a QTL analysis of the eating quality and chemical properties using 162 restriction fragment length polymorphism (RFLP) markers equally distributed among the 12 rice chromosomes, according to our previously published linkage map of the BILs (Rice Genome Resource Center 2002). Putative QTLs in the BILs were detected by CIM using QTL Cartographer 2.0 (Wang et al. 2001 (Wang et al. -2003 . We used a threshold LOD score of 3.0, which was the average value from 1000 permutation tests.
In our previous study, we determined the genotypes of each CSSL using 129 RFLP markers selected from a highdensity linkage map to cover the 12 chromosomes (Ebitani et al. 2005 , Rice Genome Resource Center 2005 . We used these genotype data for the CSSLs to detect the QTLs for eating quality and chemical properties. Duplicate results for each line in 2004 and triplicate results for each line in both 2003 and 2004 were compared with the results from the Koshihikari cultivar using a t-test. A probability level of 0.05 was used as the threshold for a putative QTL.
The genotypes of each sub-CSSL were determined for six SSR markers located on the short arm of chromosome 3. Total DNA of the F 2 and F 3 plants was extracted from the leaves using the CTAB method (Murray and Thompson 1980) . We used 10 SSR markers located on the short arm of chromosome 3 (Temnykh et al. 2001 , McCouch et al. 2002 .
For the SSR analysis, the reaction mixture (6 µL total volume) consisted of 1 µL of template DNA, 0.7 µL of 10 × PCR buffer (Promega, Madison, WI, USA), 0.4 µL of 25 mM MgCl 2 , 0.7 µL of a solution containing 2 mM of each dNTP (Boehringer Mannheim), 0.1 µL 5 U Taq DNA polymerase (Promega), 0.3 µL of a 20 pM solution of each primer, and 2.8 µL H 2 O. Amplification was performed for 30 cycles at 94°C (1 min), 55°C (2 min), and 72°C (3 min); followed by a final cycle at 72°C for 7 min. The amplified DNA product was separated by electrophoresis on a 3.5% agarose gel. The genotype data for the sub-CSSLs were used for the detection of QTLs for sensory and chemical traits. Trait data for each sub-CSSL were compared with those of Koshihikari by a ttest. Also, duplicate results from each line were compared with those of Koshihikari using a t-test. A probability level of 0.05 was used as a threshold for a putative QTL.
Results
Phenotypic variances and QTL analysis in BILs
In the sensory analysis, the OE scores of the parental cultivars, Koshihikari and Kasalath, were 0.4 and −3.3, respectively, in 2003 and 0.1 and −3.7, respectively, in 2004 ( Fig. 1 and Table 1 ). In 2003, the scores for the four traits comprising OE were 0.6 and −2.6 for GL, 0.5 and −2.9 for TA, 0.5 and −2.2 for ST, and −0.6 and 1.9 for HA, respectively. In 2004, these scores were 0.1 and −3.0, 0.1 and −3.2, 0.1 and −3.1, and 0.0 and 2.6, respectively. For the BILs, continuous variation was observed for all the traits, except for AC in 2003. AC in the BILs showed a bimodal variation. In 2003, the PC values for the parental cultivars, Koshihikari and Kasalath, were 7.7% and 8.5% and the AC values were 16.1% and 26.5%, respectively. In 2004, the PC values were 7.9% and 9.4% and the AC values were 16.9% and 29.8%, respectively.
Eleven QTLs were identified for five eating quality traits (OE, GL, TA, ST and HA; Fig. 2 and Table 2 ). Five putative QTLs (qOE6, qGL6, qTA6, qST6 and qHA6) for OE, GL, TA, ST and HA were detected in the terminal region of the short arm of chromosome 6; these QTLs were linked to the RFLP marker S1084. Each QTL explained at least 57.5% of the total phenotypic variance. The Koshihikari allele at qOE6, qGL6, qTA6 and qST6 increased the OE, GL, TA and ST scores by 0.5-1.2, whereas qHA6 decreased the HA score by 0.5. In addition, three QTLs (qGL3-1, qTA3 and qST3-1) were detected on the short arm of chromosome 3 and they were linked to the RFLP marker C1135. The other three QTLs (qHA2, qGL7 and qHA9) were detected on chromosomes 2, 7 and 9, respectively. These six QTLs (qGL3-1, qTA3, qST3-1, qHA2, qGL7 and qHA9) each explained 1.9% to 3.7% of the total phenotypic variance. These results showed that the Koshihikari allele at all the QTLs (qOE6, qGL6, qTA6, qST6, qHA6, qGL3-1, qTA3, qST3-1, qHA2, qGL7 and qHA9) increased the eating quality. Two-way ANOVA indicated that there was no significant digenic epistasis between these QTLs.
For AC, we identified two QTLs (qAC3-1 and qAC6-1) that were mapped to the long arm of chromosome 3 and to the terminal region of the short arm of chromosome 6. These QTLs were linked to the RFLP markers R1925 and S1084, respectively ( Fig. 2 and Table 2 ). QTL qAC6-1 explained 84.8% of the total phenotypic variance and exerted an additive effect with the Koshihikari allele, decreasing AC by −2.4%. The other qAC3-1 QTL explained 3.4% of the total phenotypic variance and exerted an additive effect with the Koshihikari allele, increasing AC by 0.5%.
Two QTLs for PC (qPC6 and qPC10) were mapped to chromosomes 6 and 10 ( Fig. 2 and Table 2 ). These two QTLs were linked to the RFLP markers R1952 on chromosome 6 and R2447 on chromosome 10, and explained approximately 14% of the total phenotypic variance ( Table 2 ). The Koshihikari allele had an additive effect at the two QTLs, decreasing PC by 0.2% for each.
Phenotypic variances and mapping of QTLs in CSSLs
The OE score showed a wide range for the CSSLs (−3.6 to 1.4 in 2003 and −4.0 to 1.0 in 2004; Table 1 ). In 2003, the GL score ranged from −3.3 to 1.0, the TA score from −3.4 to 0.7, the ST score from −2.2 to 1.0 and the HA score from −0.8 to 2.1 in 2003. In 2004, the scores ranged from −3.3 to 0.7, −3.4 to 0.7, −3.3 to 0.7 and −0.3 to 2.6, respectively. In 2003, the AC and PC values ranged from 13.3% to 26.0% and from 6.2% to 8.6%, respectively, and in 2004, from QTL analysis for five eating quality scores (OE, GL, TA, ST and HA) was performed using a t-test. Sixteen QTLs for eating quality were detected in 2004 and in both 2003 and 2004 (two years); five of these (qOE6, qGL6, qTA6, qST6 and qHA6) were mapped to the same area in the terminal region of the short arm of chromosome 6, and all were detected in 2004 and in the two years ( Fig. 3 and Table 4 ). Four QTLs (qOE3-2, qGL3-2, qST3-2 and qHA3) were mapped to the same area in the terminal region of the short arm of chromosome 3 in 2004 or in the two years. Three QTLs (qOE1, qGL1 and TA1) were mapped to one region on the short arm of chromosome 1 in 2004 and in the two years. Two QTLs (qOE3-1 and qTA3) were mapped to one region in the middle of the short arm of chromosome 3. The Koshihikari allele at these loci increased the eating trait scores. The other two QTLs (qOE10 and qGL10) were mapped to the same region on the long arm of chromosome 10 in 2004 and in the two years, and the Kasalath allele increased the eating quality scor es. For these two QTLs (qOE10 and qGL10), there was a significant difference in the OE and GL scores between the two lines (SL230 and SL231) and Koshihikari, unlike between the SL229 line and Koshihikari. Consequently, the two QTLs could not be clearly defined by substitution mapping of their substitution lines.
For AC, five QTLs (qAC1, qAC3-1, qAC3-2, qAC6-1 and qAC6-2) were identified in 2004 or in the two years ( Fig. 3 and Table 4 ). One QTL, qAC6-1, was mapped to the terminal region of the short arm of chromosome 6 and was detected in both 2004 and in the two years. This QTL was mapped to approximately the same region as that of qOE6, qGL6, qTA6, qST6 and qHA6. Another QTL, qAC3-2, was mapped to the terminal region of the short arm of chromosome 3 only in the two years and was mapped to approximately the same region as that of qOE3-2, qGL3-2, qST3-2 and qHA3. The other three QTLs (qAC1, qAC3-1 and qAC6-2) were mapped to the middle region of chromosome 1, to the long arm of chromosome 3, and to the middle region of the short arm of chromosome 6, respectively, only in the two years and did not correspond to any of the QTLs for eating quality. AC decreased by the Koshihikari allele at qAC1, qAC3-2 and qAC6-1 and by the Kasalath allele at qAC3-1 and qAC6-2.
One QTL for PC, qPC1, was mapped to the short arm of chromosome 1 in the two years ( Fig. 3 and Table 4 ). The allele of this locus from Koshihikari decreased PC. This QTL was mapped to approximately the same region as that of qOE1, qGL1 and qTA1.
Fine mapping of QTLs associated with OE and TA in subCSSLs
Six QTLs (qTA3, qOE6, qGL6, qTA6, qST6 and qHA6) on chromosomes 3 and 6 were commonly identified in analyses using both BILs and CSSLs. Five of these QTLs on chromosome 6 were presumably related to the wx gene because they had been detected in the same region as that of the QTL qAC6-1 for AC and because they had been detected in a region of the wx locus (Juliano 1985) . Another QTL for TA that we detected in this study, qTA3, did not correspond to any of the previously identified gene loci. To identify more precisely the location of this QTL, we generated three sub-CSSLs. In each sub-CSSL, a Kasalath chromosomal segment defined by SSR markers on the short arm of chromosome 3 was substituted into the genetic background of Koshihikari ( Fig. 4A and B) .
The TA scores for both sub-SL207-1 and sub-SL207-2 were similar to that for Koshihikari, whereas the scores for both subSL207-3 and SL207 were markedly lower ( Fig. 4F and Table 5 ). Consequently, qTA3 could be mapped to the interval between the SSR markers RM1332 and RM6676 (Fig. 4A-C) . In addition, three QTLs identified by analyses of either BILs or CSSLs (qOE3-1, qGL3-1 and qST3-2) were detected in the analyses of the sub-CSSLs (Fig. 4C -E, G and Table 5 ). QTL qOE3-1 was mapped to the interval between RM1332 and RM6676 because the differences in the OE scores between each substitution line and Koshihikari showed the same tendency as that of the TA scores (Fig. 4A-D and Table 5 ). QTL qGL3-1 was also mapped to the interval between RM4321 and RM1940 because a significant difference in the GL score was detected only between SL207 and Koshihikari (Fig. 4A-C, 4E and Table 5 ). The ST scores of sub-SL207-1, sub-SL207-2, sub-SL207-3 and SL207 were markedly lower than that of Koshihikari, and QTL qST3-2 was mapped to the interval between RM4108 and RM1332 ( Fig. 4A -C, G and Table 5 ). The HA scores for sub-SL207-1, sub-SL207-2, sub-SL207-3 and SL207 were similar to that of Koshihikari. No QTL for HA was detected in the analyses of the sub-CSSLs (data not shown).
The AC values for sub-SL207-1, sub-SL207-2, sub-SL207-3 and SL207 were similar to that for Koshihikari (data not shown). The AC values for Koshihikari and each substitution line were not different.
The PC values for sub-SL207-1, sub-SL207-2, sub-SL207-3 and SL207 were also similar to that for Koshihikari, and no QTL for PC was detected in the analyses of the sub-CSSLs (data not shown).
Discussion
Identification of QTLs for eating quality
In the present study, we used BILs and CSSLs derived from the Koshihikari/Kasalath cross backcrossed to Koshihikari to map 21 QTLs for eating quality to eight (Harushima et al. 1998 , Rice Genome Research Program 2000 . The genotypes of the CSSLs were determined using 129 RFLP markers selected from the high-density linkage map to cover the 12 chromosomes (Ebitani et al. 2005) . The CSSL number is indicated at the top. Blocks represent the chromosomes. The other chromosomes of each CSSL were homozygous with those of Koshihikari. White and black blocks denote regions derived from Koshihikari and Kasalath, respectively. (B) Putative QTLs for eating quality detected in the CSSLs. Putative QTLs for eating quality detected by using t-test are indicated by hatching. A probability level of 0.05 was used as the threshold for a putative QTL. Abbreviations are as follows: 04, 2004; Tw, 2003 and 2004 ; OE, overall evaluation; GL, glossiness; TA, taste; ST, stickiness; HA, hardness; AC, amylose content; PC, protein content.
regions on chromosomes 1, 2, 3 (two regions), 6, 7, 9 and 10. Six out of these QTLs (qTA3, qOE6, qGL6, qTA6, qST6 and qHA6) were located on chromosomes 3 and 6 and were identified by both BILs in and CSSLs in 2003 and 2004 . Our results indicated that the effects of these six QTLs were significant and reproducible in the two populations and in the two different years. Analysis of BILs and CSSLs enabled to map one QTL, qTA3, to the middle region of the short arm of chromosome 3. Fine mapping of the sub-CSSLs enabled to map qTA3 to the interval between the SSR markers RM1332 and RM6676 located on chromosome 3 and to further localize this QTL to the same interval as that of qOE3-1, suggesting that TA might considerably affect the OE score. High-resolution fine mapping of these QTLs should be carried out to clarify the relationship between TA and OE. The QTL qTA3 was distinct from previously identified QTLs. Matsuzaki et al. (1992) observed that the japonica rice cultivars, which display a good eating quality, contain a relatively high level of glutamic and aspartic acids. Therefore, a high TA score may be associated with the presence of these amino acids. Further analysis using a near-isogenic line (NIL) for this QTL should be performed to clarify the association between TA and the presence of amino acids. These results indicate that qTA3 may be a key genetic factor for the eating quality of cooked rice.
Using both BILs and CSSLs, five QTLs (qOE6, qGL6, qTA6, qST6 and qHA6) were mapped to the terminal region of the short arm of chromosome 6. These QTLs were also mapped to the same region as that of qAC6-1, a QTL for AC. These QTLs on chromosome 6 corresponded to the wx loci (Harushima et al. 1998 , Tan et al. 1999 , Wan et al. 2004 . It is well known that Wx is the major gene affecting the eating quality (Juliano 1985 , Higashi et al. 1999 , Ise et al. 2001 , Sato et al. 2002 , Suzuki et al. 2003 . In addition, Sano et al. (1986) reported that the Wx a allele is present in the indica cultivars, whereas the Wx b allele is present in the japonica cultivars. Thus, the five QTLs on chromosome 6 detected in this study might be associated with differences in the Wx alleles between the japonica cultivar Koshihikari and indica cultivar Kasalath. In addition, one SSSI gene for the synthesis of amylopectin was located in the short arm region of chromosome 6 (Tanaka et al. 1995) . Further analyses, including fine mapping, allelic tests and cloning of genes at these loci, should be conducted to clarify the relationship between the genes detected in the present study and other genes such as wx and SSSI.
The other 15 QTLs detected in the present study were identified using either BILs in 2003 or CSSLs in 2003 and 2004 . Two out of these 15 QTLs, qGL3-1 and qST3-1, coincided with QTLs previously reported for eating quality (Wan et al. 2004 , Tanaka et al. 2006 . One QTL, qGL3-1, was located in the same region of chromosome 3 as that of a QTL for the appearance of cooked rice reported by Tanaka et al. (2006) . Another QTL on chromosome 3, qST3-1, was located in the same region as that of QTL qEL-3 for elasticity described by Wan et al. (2004) . Thirteen out of 15 QTLs did not correspond to any previously identified QTLs. These QTLs could become a useful source for further studies on eating quality.
Why were 15 QTLs identified by either BILs or CSSLs? One possibility was the existence of digenic epistasis between QTLs. Although we did not find evidence of digenic epistasis between QTLs in the BILs, digenic epistasis might be present between the QTLs identified in the BILs and CSSLs. The relationship should be verified using NILs for the QTLs. When QTLs with large effects are segregated, it is difficult to detect QTLs with minor effects in populations such as BILs, while the use of CSSLs may enable to detect QTLs with minor effects (Ebitani et al. 2005) . In the present study, since five QTLs, qOE6, qGL6, qTA6, qST6 and qHA6, with major effects were segregated in BILs, it would be difficult to detect QTLs with minor effects, but it might be possible to detect QTLs such qOE1, qGL1, qTA1, qOE10 and qGL10 with minor effects in CSSLs. Furthermore, analysis should be carried out to confirm the existence of these QTLs. In addition, the effects of the 15 QTLs detected in the present study may not be stable over time. Asaoka et al. (1985) and Fan et al. (2005) reported that environmental factors such as maturation temperature affected the evaluation of the eating quality. The relationship could be verified by further analysis of NILs for QTLs under normal, cool and hot conditions.
In both 2003 and 2004, there was a significant positive correlation between the OE score of the CSSLs and the GL, TA and ST scores and a negative correlation with HA (Table 3 ). The OE score was correlated with four eating quality traits, GL, TA, ST and HA, because the OE score was determined by the total score of the four traits. Four eating quality scores, GL, TA, ST and HA, also showed a significant correlation with each other score, although GL, TA, ST and HA were evaluated using a different definition for the sensory test of cooked rice. Furthermore, 11 QTLs for GL, TA, ST and HA were mapped to five regions on chromosomes 1, 3 (two regions) 6 and 10 using CSSLs. Two (qGL1 and qTA1), three (qGL3-2, qST3-2 and qHA3) and four (qGL6, qTA6, qST6 and qHA6) QTLs were mapped to approximately the same region on chromosomes 1, 3 and 6, respectively in the CSSLs. We considered that this association might be due to either a pleiotropic effect on one gene or to the presence of several tightly linked genes for four eating quality traits, GL, TA, ST and HA. Based on the correlation and QTL analysis alone, it was difficult to determine the genetic basis of these relationships. Fine mapping of these QTLs should be performed to clarify these relationships.
In addition, for 19 out of the 21 eating quality QTLs detected in the present study, the allele from Koshihikari increased the eating quality score. These 19 QTLs should enable to clarify the nature of the eating quality of the Koshihikari cultivar. The Kasalath allele at the other two QTLs also increased the eating quality. These two QTLs may be useful for understanding and improving the eating quality of rice cultivars, including Koshihikari and Kasalath. The use of DNA markers linked to these QTLs for eating quality should represent an improvement over the use of phenotypic measurements for the selection of superior genotypes from early generations such as F 4 and F 5 . More efficient marker-assisted breeding will require high-resolution fine mapping of QTLs using populations derived from crosses between CSSLs and Koshihikari as well as the identification of DNA markers that are more tightly linked to QTLs for eating quality.
Relationship between eating quality and chemical properties in rice grains
We also analyzed the relationship between the eating quality and AC or PC because it was reported that these two chemical characteristics were important for evaluating the eating quality. Juliano et al. (1965) and Tanaka et al. (2006) reported that AC was negatively correlated with the GL score. In the present study, we observed a significant correlation between AC and each component of eating quality (OE, GL, TA, ST and HA) in the CSSLs (r = −0.62** to 0.91**). Juliano (1971) reported that grains from the lines with a high AC were flaky, hard and separate when cooked, whereas those of the lines with a low AC were sticky, tender and glossy. Furthermore, three QTLs for AC, wx, du1 and du4, have been detected on chromosomes 6, 10 and 12, respectively (Juliano 1985 , Sano et al. 1986 , Hirano and Sano 1991 , Shimida et al. 1993 , Wang et al. 1995 , Yano et al. 1988 . Tanaka et al. (2006) showed that two QTLs for AC on chromosomes 2 and 6 were mapped to approximately the same region as that of the QTLs for GL and ST. In the present study, we identified two QTLs for AC in two regions of chromosome 3 and another two QTLs for AC in two regions of chromosome 6. One of the QTLs on chromosome 6, qAC6-1, appeared to correspond to the wx locus. In rice breeding, mutants at the wx locus have been used to improve the eating quality (Higashi et al. 1999 , Sato et al. 2002 , Suzuki et al. 2003 . One QTL for AC, qAC3-2, was also mapped in CSSLs to the same location as that of the QTLs for eating quality, including those for OE, GL, ST and HA. Further analysis including fine mapping and generation of NILs for these AC QTLs should be conducted to clarify the relationship between the eating quality genes and amylose genes. On the other hand, two QTLs for AC, qAC3-1 and qAC6-2, did not coincide with the eating quality QTLs. Heading date of SL208 with qAC3-1 was about 10 days later than that of Koshihikari (data not shown) in 2003 and 2004. Heading date of SL215, SL217 and SL218 with qAC6-2 was about 10 days earlier than that of Koshihikari. In a previous study, two QTLs for heading date, qDTH3 and qDTH6, were identified on chromosomes 3 and 6, respectively (Yamamoto et al. 2001 , Ebitani et al. 2005 . Two QTLs for AC, qAC3-1 on chromosome 3 and qAC6-2 on chromosome 6, were mapped to approximately the same region as that of two QTLs for heading date, qDTH3 and qDTH6, respectively. In general, AC was affected by the temperature during the ripening period (Asaoka et al. 1985) . The modification of the heading date may affect the temperature during the ripening period, and the modification of the heading date may affect AC. It is necessary to conduct studies under the same conditions during the ripening period in the case of BILs, CSSLs or NILs, to clarify the relationship between the two AC QTLs and heading date QTLs or eating quality.
Protein is the second most abundant storage component in rice seeds. Ishima et al. (1974) reported that there was a negative correlation between the PC and OE scores. In the present study, we also observed a significant correlation between PC and eating quality traits, such as TA, ST and HA, in the CSSLs in both 2003 and 2004 (r = −0.52** to 0.40**). In 2003, PC was also correlated with other eating quality traits such as OE (r = −0.53**) and GL (r = −0.43**). The average temperature during the ripening period was significantly lower in 2003 than in 2004, and the temperature was abnormally low from the end of July to the middle of August in 2003. This low temperature may have led to a significant correlation between PC and eating quality traits such as OE and GL. The protein of rice seeds mainly consists of glutelin. Recently, several glutelin genes have been located on the long arm of chromosome 1, on the short arm of chromosome 2 and on the short arm of chromosome 10 (Iida et al. 1997 , Kusaba et al. 2003 , Masumura et al. 1989 , Nakamura et al. 1995 .
In our study, three QTLs for PC, qPC1, qPC6 and qPC10, were identified on the short arm of chromosomes 1 and 6 and in the middle region of chromosome 10, respectively. One QTL for PC on the short arm of chromosome 1, qPC1, was mapped to the same region as that of three QTLs for eating quality, qOE1, qGL1 and qTA1. QTL qPC1 for PC did not correspond to any previously identified QTLs. This QTL might be a useful source for the improvement of the eating quality. Tan et al. (2001) identified one QTL for PC on the short arm of chromosome 6. qPC6 QTL detected in our study appears to coincide with one QTL reported on chromosome 6 by Tan et al. (2001) . The other QTL for PC, qPC10, did not correspond to any previously identified QTLs. The two QTLs for PC detected in our study, qPC6 and qPC10, did not correspond to QTLs for eating quality. Additional studies using NILs should be carried out to confirm the effects of the individual PC genes. Development of NILs and fine mapping of these QTLs should be performed to clarify the relationship between the eating quality genes and protein genes.
QTL analysis of complex traits using BILs and CSSLs
Populations of BILs and CSSLs derived from the Koshihikari/Kasalath cross have been developed for the analysis of complex traits such as heading date (Ebitani et al. 2005) and aluminum tolerance (Ma et al. 2002) . The BILs have been used to detect QTLs with large and epistatic effects, while the CSSLs have been used for detecting QTLs with minor as well as large effects for target traits.
In the present study, these above-mentioned populations were used for QTL analysis of the eating quality. We could map 11 QTLs for eating quality with large and minor effects using BILs. Furthermore, using CSSLs, we could detect 16 QTLs, which included those with minor effects. These minor QTLs could not be detected without the use of CSSLs. In the present study, although we could not identify the presence of digenic epistasis between QTLs in the BILs, the BILs were used to identify the presence of QTLs with epistatic effects, because each BIL carried several chromosome segments from Kasalath. These results demonstrate that the use of both BILs and CSSLs is effective for QTL analysis of complex traits.
Finally, to determine more precisely the chromosome locations and characteristics of the QTLs identified in the present study, we are currently carrying out additional analyses, including the generation of corresponding NILs and fine mapping using crosses between Koshihikari and CSSLs carrying target chromosome segments.
